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Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for GaN crystal growth with which a high quality GaN 
substrate which is thick and moreover does not contain defects such as a transposition, etc., can be obtained, and 
the manufacture of a GaN semiconductor element using it. SOLUTION: A mask region 12 covered with a mask 
layer 2 and nonmask region 1 1, where the base substrate face is exposed, are made at the face of a base 
substrate 1. A material where crystals will not grow substantially from its own surface is used for the mask 
layer. In the case of making the upper part of the mask region into low transposition, the mask region is made in 
such form that at least the outline includes two straight parallel lines yl and y2 which extend in the direction 
<1-100>. Furthermore, a width wl of two parallel straight lines is made smaller than the width of a GaN 
semiconductor element, and moreover is made larger than the width of the active part of the element. In this 
case for, dividing the GaN semiconductor element into separate pieces, it is preferable to make use of a 
nonmask region. COPYRIGHT: (C) 1999, JPO 
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£>oT. 

G a N^A#Jfcfi*Jttft^-*^iii©-»*fc«£ 

•?**JI©J&$^*->li. #vx;^i$£J&ft©Hi#S 
Ltv^^HMS^S-CGa N**£A£fiXfi;* 

■a- t $ (cg^ Art© 5 *><D<gfE{i<t ft o fcgp#©ifg# 
stria g a N«*aMt*^rt©tsttauo««±4 tt o 

d: 0 ic^fiS 3 - > -c* & G a NfttSAdtSfflS 
[M#JB2 ] Ga N&mmto&ttmiSL-rZG a 

»©«««:. •?xi?mwt#^x?mwt *mf&?z£ 

fcttSMWfcG a N»l6A#»iRfiOfiftC»ttt4*»6ft 
0. 

v**««tt. OT5^-^fflE±Kiafi'J-*GaN3MS 
SO(l-lOO) *ifii«:®iy*Wfft2iS«*^«l 
{C#*. C©¥tTft 2 «»©«#. iMBG a NJMsatt* 
JK-?©WKTC*«3. *©*^-©ffittap®*B£U: 
r* 6f»#JS 1 Ett<DG a N3R*£Aj£fiffl««. 

taSfi-rSGaNJRISA© < 1 1-2 0) ^fiSlCCSV* 

wac 2 UR«^MH><cd». c owfa 2 a^coips 

355. lWIBGaNaM|£5»«»-7<O««T'C*0. fro. * 
©*^ffittffl©««±T*S»3»I 1 IBt8©G a NIK 

[»#ji4] #7x^»i, ±saw*2ia«{cj: 

fr¥ff»K<!:fcSJ:5K:. 1IMtf©^**JBfrgs|HIHK:ta 
$mf8L2tltct><DV$>2>ttJim2 &/c«3iB$S©GaN 

«ttAtt£js£«. 

5 ] ±IBG a NSIiWG a N** h 

5 •r^u-mot, ±iasttawifr«HE:* h ^4 ? 
[s-ytpvxt-vj ^fipoMT * 0 . jjawft 2 s:*g 
©ii^i^ifii^Btrie^ n 9 -< 7" u -if ^©x h ^ -r ygp 

©S*^lS)"C»-Slf3}t312 -4 4H>rtuO»<CEtt©G a 
N$tSAJ££ffl££. 

6 ] ±IBG a Hn&m«FM*#G a N£%ft 

F-CftSM^l ^4©t>rft*>CClBtt©Ga 
NS&AJ&gffl«t£. 

[ M4a9 7 ] X»«fr . ^ < i & *©£|Jlfr I 
n« Ga, A 1 z N (0^X£ 1 . O^Y^l. 0£Z 
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£1. X + Y+Z= 1 ) *>6%&&©-C*£llt3j8Il£ 
«S©G a N$ttAJ$fiJBS«. 

[ntsus 8 ] ±.&m#m i ~ 7 ©t,>m#>«:ia*g©G 

J££ ffilfc * iltvx^ll^a^JtGaN AJB 
^fiStSIgi, ®IiJiBG a N£«8AJB©9 *i<&36 
ft ^ fcgpfl-KG a NJR^aWWR^OiSttawJKJSSS 
n^i^KGa NJR3MlfM*JAS£ tiTGa NX&m 

10 ffl*©GaN*^fl*^(«MKT*IiI&. 
C t it<SGa N **»(**?©« 
{»3»1 9 ] ±tef»*^ 1 ~ 7 ©t>m*»«ClBl8©G 

a NmmikfiL&mmmzm^* ®«««Lh©*v^ 

WBl«*tt/T"7XJli« ^-CGa NKtSAJB 
*l«fi3-e*Ig4. ©lWEGaN*iBA»©9%iJ>tt 
< £ 7^ ^««Lh{CG a NX39ifHero«ttff*s» 
Ji)iSftS<l:9fcGaNJR¥^Ji*«fiStfTGaN» 

(**«*©GaN»*3W«R^-K:»Wr&ISi. 
20 T*Ct*1»t^Slt3Wg8E«©GaN»¥*ft* 
^©ISiS^ffi. 

[ tSt*^ 10] G a N 3M£ AJ$5ffl£Kfr±ffiM3j89 
5 Kf5t£©G a N«ttAJdtSfli££-C*>r> . ISZftm? 
■SlfiJCfctfiaiKfr. GaN«*S H B B )l©^^(SK{4<!: 

ft o fc«»fiw.©ai» , ctf t>ti*»wt?* sn sjai 8 is 

tS©G a N Jfi*3W**-T-©«Jt*ffi. 
[fiWSS 11] G a N^igAJ?Rfifflai£a*±iBiMei 
5 «:IBtS©G a N*ifeARSSfflK«-C* «3 . G a 

^©ffifgfitfto/cgP^K:, GaN^h^O'U- 

Sft G a N3MMW*»*«iJtfiS*-CG a N3i* h 5 ^ 7" 
U-1f*£t»WiflE*JI»fcU *©«»»*. 5fe^^ h 
^^78i5©S^^lfi}<bSi£ftffi*^»iffi<b LT^BtUr 

»Wr 6Il*«t Sf9*^ 9 SBtS© G a N»*^<*^ 

40 [li*3S12] <i<r©GaN^^ hvJ^ls— VlCft 
ZftWiifi. G a NS^SAJI© 5 ^ffilgfi i ft feSB 
^«n©gp^tctec^r?f ton^>^»rr*).5if^ l l IB 

ts©G a Nmmmwm+vm&xmo 

CO 0 0 1] 

{§m<Dm?Z>®Mftm *^«. GaN^A^S 
fflffi«i t -eia^ffl^/cGaNm^i*^©^^ 
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a N$ttA) <Dmmj8.&35&t. LXit. V"? r ■< 

7 F*ffix f$+>>t («T. r H V P 
EJ ) rGaN*^£j&g3tt£;fr£#&£. $/c. 

LGO. LAO, ZnO, S i Cf Ol«^fflt,)fc 
[0 00 3] 

[fSWfS&bJ^t^tSJg] L/*>L.^^6. GaN 10 
X£A£AM(Ji&£3e&&. t^r-f TM A <!: G a 

^*©X h 0 . G a N^if£AJI#l!lft*3?S 

isfifSdxiO' cm-'-lxiC'cm-'SS) 
OGaN X&Ag« I, hft tt I > <b I > fcNHIjSfts* 

<t\ a«GaN*a»#tm*l8**^«:ffll>?tlI^«:» 

[0004] *|BK<2. *J«r. L*»<>«tt&£©*:K 
G a N <HSCi 

[0 00 5] 

[RB*JWifcTSfc«>©^®] «T©*I#S*£ 30 

1ft Z>i><D-C$>Z>o 

( 1 ) G a N»*iiflt3R^«r«|«iS-r 4 G a N»ifSS»« 
©«»«cm»6ft5GaN^Ad«fliS«"T?**. G 

zimmmicGa n u&&i>tttt*>fe& 

4. -?X*j|©$|fr'C*->t2, #v*f««*fi!tfi© 
UAjA 4 0 T v ^ 4» Jf±ffi *> t V G a N X*g A£f£ 
fi3-ttfci»tc«BBSrt©9%©filKffli«c-jA:aJ»© 40 
«*«HBG a N»**ft3R^rt©«SHtiU©liJ!sU:4* 0 
© 4 <fc -5 tc 3 ft tc > >*£ - > T & 4 . 
[0 0 06] IWB^-aaKLk 
«CfiRfi-T4Ga NJRISa© (1-100) #ft(CSK>"4 
W«c 2 SUR^^ttCCd^. C ©Tff tt 2 iSi^©it§ 
rt*. «HBGaN3fi**«*- : F©««T'P*»>. * 
©*WfStt»©tt«±r* 4 *>©&**. *l>tt. * 
^*IB«*. «We"«-*«R±«CfiRfi-r4GaN»IS 
A© < 1 1 - 2 0> «A(C80 e 4Tff«;2lUI«>HI!MI 
Kd*. C©JM¥tt2iftB©*3W. JitfifiG a SO 
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4 % 4 <t 9 mm&&ggem& n/c & 
©•c*4o jjb#v* ±§ew«c2 

ita»cj:or*sE3*i«»tt©««r*oT. c©#v 

MRKcS^fiSS ti/c ft©T& 4. 
[0 00 8] (3) ±iBGaN»*a»i*JS^GaN* 
* h^-^T'U— tf-Cft-jt. ±fE*RTft2iSii£!©5fcC>'4 
^[Si*imrfex h -5 -f 7" u— tf <*>©;*. h 5 -Y ^©S^^r 
fSjr * 0 . ±iBffiteffltt# ^SMir* 4 ±13 

( 1 ) *fctt ( 2 ) (ClBtS©G a N**6AJ&BJBS«. 
[000 9] ( 4 ) XIBG a N**i^#G a N» 
*8#*-f*- K-C*4JUB (1) - (3) ©l>rft*K 

tBis©G a Nmt&&i&&mmm. 
[ooio] ( 5 ) ^-xiiis, 4>& < <b 4>-e©^n 

Win, Ga, Al z N (0£X£ 1. O^YSl, 0 
£Z£1. X + Y+Z = l) *»ftfc4i©"C*4±IE 

( 1 ) fBi8©G a N$t£Al$ftffl£tii. 

[0011] ( 6 ) ±SB ( 1 ) - ( 5 ) ©l>rtl*>tcE 
iCGaNSMSifillS^fflo, <MKS*Lh©#'? 

*£A^*)SS 3 tiilli. ©fufBGaN^MAB©^ 
fefiRtttttofcap^ (OTitti. BMfBGaN^AJB© 
5 ft ^>«c < i 4; flMLh) CcGa N**a«t3R^-© 

isttflu^js 3 n s «fe ^ tc g a n n&mfcm 3 * 

TG a N3R*3»ftJR^.%$tf«Jl»*»»iRr 4XS4 . 
®W8aWB#*ffl<r©Ga N**j»»«-T-«:^Wr*X 
mt, *Wr*C4%1f«tr*GaN*^3M«RT-© 

[0012] ( 7 ) G a N^AJtEMBStfJiG 
(3) ettOGaN^ttfifiSft^SISr^O. XIB^K 
t^IS(C*5^5^BiW, GaN%tSAn©9ft(SIEfi[ 

i«cofcau»«ji-©»d <m«. tc*s 

l»Ttfto*l*#Kr**±8B (6) IBtK©GaN%¥« 
ftlgT©SS{j&^S„ 

[0013] ( 8 ) G a N^SfiSgm»«t*«±gB 
( 3 ) IB$S©G a N^$SAfiSSffl8®-C* «5 . GaNS 
¥*ftiR?#G a NX* h5-f^U- tfr*r>r. ±IB 
W «c 2 ili®-C^3 ti4±E¥tr * 2 tt»T?»3e3 n 
4 -7 * ^ «iftJb $ & X ^ M^Lh©(g$K{4 <b ft ^ /c 

NSXh5-{ 7* U— tf ©^ h ^ >f a 
f4<fc9)BJSU. siW«cGaN3R5|£aMMB*fiSfiS-B-r 

8P©S^*[SltWftiS*7>»r®tOrffl^©GaNX 
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$B©G a N^W*S?<Dagii#&. 
[00 14] (9) (i*©GaN^X h-7-f7"b-mc 

=bft£#®T£fct>rm>fts#»rc£>&±fe (8) taig 

©G a N^^i»(*^^©S3j^« 0 
[0015] 

litm) *WMW-Clt. A^S^^TftSGaN^ilS 
,H©*&W&4o©$7-J§i& (hk i 1 ) (CcfcoTfg 

iu c©fi©jg»ccBi-rs«iB*ffiWji-tt. —urn* 

-?•© i o©s« (l-ioo) £siia 
u 6®£i?ffi£tffi£LT££«)£Jt-£K:«: { i - i o 
0} isie-r^o i/c Huge ti-ioo) wcsa-c 
*>-3C«KJRf <elf%*flliWK:* £«>t { l 1-20} 
*/c. (1-10 0) BCCSifi^rfiJtt 

(l-ioo). •ent«st«ft3?isi©«^* (1-10 
o) tu (1 1 -20) ntcsKft^ia ci 1 -2 
0 ) . %t\tmmti:-fi\u\<Dm&* (1 1-20) £s?sa 

©ti^©±(cvw^xia-^?:^^r^iab. s-7-jg& 
©«ie^i*cc±r*|iD6„ *^wrc^ife B ^{4tt. 

[0016] -«-^a«Lt«:ia:w6ti* rv**««j 
£ r#v*£fciSj B. £4>{c<-x®g®4Jfc5e»5 

attc±2f©c£T?**. #v**««©.fc2ffc|g|«-e* 

[0017] «9um(cto(,ir. s«ubccistt^^dn 

#»rr5j &£\ rAgp^«:*jiir^»T-rsj 
B£SH ft <fc 5tc LT»W-r*c 4*«i«rr 

a. 

[0018] *w«w«:*»t»r. rjnnaatRfflj . 
SL&oaan&ttfli (stii^fc-rsttsg) antes 

fl- L T G a NXttatdW 3 tt/cig^tcfc W €>iS^©?E 
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[0 0 191*^6^ 5fe(CGaNS^i1f7T 
A Tl&tt £ ©tt?£KRc;^SMffiR©& t > (CigH-r * 
GaN*teSJl©^5 0 7 (a) (Cm 

f«fc^{c. i±{c. j«^tc^*-i>i'l 

fc-?x*Ji2£i§:tf. ^X^il 1/dWKGaNI 
*§JIJ13 O^fiXfiStt. X #tGT*;/ 
^ -( X© G a N$tt£fll 3 0 £ ^Ciicj:-, 
10 T, *7?*£K±f £C££ffi3SbT<,>£ (1$PB¥7 
-2 7 3 3 6 7#&$8) . 

[0020] ^(DWtmi^hifiZhimvi^mtetiM 
07 (b) Kmu^fc, mz-fimm-e 

&<> &GaN3fi*£J|JI3 0t!»6-?X£/I2 -t'sfaWT 

©ti^fa^fcj&fta^Tton&c i^siigsn/c. o#> 

4>. mZUft (CW^fSj) iRIOSfit©iacfii»S*s* 

[0 0 2 1 ] $6(C. GaN£tgJM3 0t£:bt?SGa 
20 N*tt*i|i«:fl^E-r*|g(a«. ^<-X»R*dtJT»3ft» 

5rS-5©{csT*ii^. i&faiiLmmvi&mstizmm 

©#(nj) • GaN«SBl^S$-a-^B$©^x#ffi^cJ: 

? -a- s c £ cc <fc o r v x * a©±^?r<ge<a £ r & 

07 (b) «c5*Tfci<. vxi'Ji2©±tc 
30 mtcZmW (^^^fWilt, C©<5RJD<4>v 

ffffii/ft«r»©"c*aaatt»43tc*. c©«^fDj©^fi^ 

S6CCjli«>4£. 07 (c)«c^-T*P<. GaN^SH 

C©£#vx^M^«:«^{c^RB©^j:(,»YfiT^7 
» *©*«f>^aLao|»Bl©Ga N3fiteaJB3 35«»€>n« 

»*St^ci//c©r*s. 

[002 2] *»!8©G a N^S<«gfflS««. vx 

40 7X»««Lh(C)»fi$ti«iBIEtt«cAII©«SJI««ffl 
U -e©ffil£t4<k«cSSiJ»«:GaN^^»^^- (^ 

ho $/c t -e©7X»«H>#vXjrflW©4|«, ^ 
©JStt»©(BJUU:. Si^^BJWTKHKg-rsci^a 
S-Cft^, 0 ^^^©©Jr^^fgig&it- -Stg^ 

C©««Lhfc^-7-*JgRS-rS{cfi8U-C«, ^ft 
< £ ^>^©r§14S15©aT{cvx ^ffi«fi«s< ^tcffj 

fiS-rsc£*sfflg-c$,^ )<( cnjcj;o-c. a/j«©-7x 

50 S. 



[ 0 0 2 3 ] £/c. S&G a N^il£liJ£gfflStiLkK:. 
GaNS¥ilK*Ji£mJ!U SUSflMR^-^^tofllJBft* 

K-TS/c^OMliiL.-Cfflt^C tit. ftM&ffcmFan 
©i® enfciiij J: omfrftKj&B-r 

[0 024] 

[HW©a(B«OJB»] JUT. 0ffl£#Mbfc*i6. #26 

womto^JBK'odttwr-s. 0 i «#»93©g a n 

Si^fifflliO-Wt^tltS^T, 01 (a) 
«. **ii*jafc£#©ia. HI (b) tt. 01 (a) 
©S : K ; &S4 l ©X*IfiI*»e>BA:S-C*4. IbISKthTJ: 
*>(C. GaNJRISilJWfiJESBlteJ&t-^SSloaSK:. 

■?x?m2?i8.£>titc-?x?m.mi 2 t^-^iw^ 

[0 02 5] »j6SW©*?-£ H85e«*ftfcC» 
WS>ftS. »3t*^il/-CB. ±iaU/c<t^iCGaN 

-MO S F E T . H B T (Heterojunction Bipolar Tra 
nsistor). MM I C (Nbnolithic Microwave Integrate 
d Circuit)* <b'*ipt/6n-5>„ 

[0 02 6] 3R-W)(|B. ffV*.t*. &%&*Tm^?2> 

«c6«. 05cc7rvrfc©#f^iW&4>©<fcUT^tf6*i 

S. 05 (a) «. GaN*S,H£S« 1 £-rS»£©G 

T. JfrF©«B£ffitt»a©«A£fcHa5l/t». 0 5 
(b) «. ?7r4T«ll*:»K£T*ate<DGaN3fi 
LEDT*0. «&#i(i^#r&&#i!ft&C0©*a&&±rB 

5rtVJ\3t,> 0 05 (c) «. t^r-TTiiiilSiT 
^©GaNSX r5-<7"U-1fr£>9. Xr^-f? - 
ffim<Dtc&lC. 05 (b) ©LE DOJg^iit^T^ 
©*IB<fc 0 fcrSttSP (^h?-/ ©$iA©«5#3 

[0 02 7] X r tfKfctf r ?<f >W0 

X r7^7TO^**«Ii6j£*ftTfc£ 

h?-/ 7-«©suw©itar* »3 . ftiss© 2 m 
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^©SUftctScr^ YvA ^©i}§<t*fc3nsSft5H;}: 
05 (c) ©#]«. x h 7 -T 7'SB©il@*s. rgtt 

[0028] ^^©ififc.ko'Kifa^ti'^/a^. 05 

rttfli£^B(tgiS:£fa©lt?T#^?£B. ^©ffl«(c 
10 JrotgfcO. LED7U-f^t'^Iffi©fe©^*o 
#>. Witt*. U-1f*t'©^^-C«. -ffl^/c9. 
*S2 0 0 um~5 0 0 urn. Jiff* 2 0 0 Mm~ 1 0 0 
0 nmfflgXibZ>. 

[0 0 2 9] G a NJMiAtfj&KnJflBft 

fc©r*n«J:<, WAtf, fi£**>6GaN3(MSa*fiR 

fis-esKSGcjajBsnri,^. t^wr. s i 

ffi. 6H-S i Ca«. ^FtCCSlf^ rJTmmWt 
20 ^iKMOll^M-r SfcftCZ n O. Mg 

[0 0 3 0 ] fiSS3i±^>GaNS 
& A £ ft £ ^ < f&^-5£i5t# ifi < RrmBRMfttotfi-C # * 
#WiSt,>fc©£jIiR-r£C<!:#. K(4*<t'©^H*2|s:* 

*-cii*ut,»„ ^^-^vxi'ii©^^^;©^ 
^i/i,>. c©<t^**>e>. ^*<i 

30 4>^©aH* s I n, G a T Al z N (O^X^l. 0^ 
Y^l. O^Z^l. X + Y+ Z = 1 ) #>*=>&&«>©# 
W6ti5. JlffcffjKtt. tr? r -fTSfcLBc. MOV 
PEStCtDZnO^Al N^©^ 7 t -I, 
GaNXBGaA 1 NCSJl^Ji^ML/cfe©*^® 
iCfflv^f^. C©J:^*-^-XS«-C*titf. R^-^ 
««±«:fiSS$-a-S G a NJRtefirttC*ffcK:$B£-ra« 
{4©^®%®<fflJ^..5*^a*. S«F*iSStt*f#-5C 

[0031] -e-ne#©^ffi^6BHHe<] 

40 (CG a Nf feWfiO^tc^^ffll^. C<DJz'> 

Kwmt hxmz.mtikmwtimmz n. $ e>&cc©# 

a^ftt UTSi. Ti. Ta. Zr ^©^{t^-^b 
m. BP-fe. S i O, . S i N» , S i O,., N, , T i 
O, . ZrO, mm^ZtlZ, ffit^ttK:® 
i^CCRSUgSO'x v 9 L >y|^*^J:bl5a t J^* S i 
O, . S i N, . S i O,., N, *i®L/-r*J«3. SfcC 

[0032] vx^H«. 0H^(*X^.#. ^^ii. 
C V D3?©^StC <fc «3 ®«£ftffi£& 5 J: ^ tc^U/c 
50 il^©7 * h >; v ^ -CTtifitcj; 
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[0 0 3 3 J (7^Ji«) ©Jg/jR^-Xi 

v wx. ffln&zm. w -c-t ©f*j spjc^ - * *«§i£3sw 

3 if §8nSi5©Jf5tKttffiS©J&tK-C J: < . 

«*±*«cfiKttaiJ»%»fiR-r * ft ^> «. i 

2tt. ^-x««l±fCJ&ftT£GaN^*£li© < 1 - 10 

ioo> wft 2 ia«*^ft < t t>mm 

ssnti,^. i^ov^^tfiitj, -?■© 5 ^>© i 
•?*>?ffi$.\ 2tc7n-r<fc5(c> < i - i o o > nfticm 

CK-2>Wft2iti^y 1 . y 2tcJ: o-CifcSjSft-S^tfc© 

/&T-5>ft6fcf, -rxfrnWl 2iZ, ^-x««l±K)?$; 
STSGa NSilSJl© < 1 1-20) ^ftfCSiO'&W 
ft 2 iKfR£4>tt < <k fcWBtiHCdWBtRi LTJfcfiSSn 20 

£. 

i^^^m^tom^Wfi d-ioo) #r6i©iI3§i£ 

StyCi(C<toT > GaN« B B B ©(ll-20)i 

•5o { 1 1 -2 0) 7 tH2 v hteWC $>Ztc 

*. 7 t -b v h ft { 1 - 1 0 0 } ffiiCit^T , G a NS 

[0 03 5] *^Hj-c«. ^M^±^«:<g«<4SP^ 
£JF5iiRT C© < 1 - 1 0 0 > *[fi]«:5Ii>'-5) 30 

W&21iyl. yZOitiwl*. SSiiSW-e*^^ 
^©ifa. Wc. 4>ft< it>i§tt9S©ittT«:fipaEt,»S* 

tur^*.' eftfcfco-c. @4 (b) > S6(c^-rj: 

[0 03 6] vXd7^iULh*«:<£$K{ia5^*Jf5«t-rSlS 
£JCtt, < 1 - 1 0 0 > ^frtCiltfSWft 20tif££^ 

tt. vxi'Mo < l i-20> ^r&j© 40 
mt, 'J>te< it>rg14g|J(DitT«:?¥abf#^il!l-CAn« 

mi*, x h^-TT'u— tfrtt. ±iab/cJ:5 
(CX h7-f7"©iH2 m m~Sg^:£f*©i|§ 1 0 0 0 ymfl 
g-C*5^e>. -7Xi7^<D < 1 1 -2 0) ^|Sl(Difa4> 
ZtOCUr>X2 Mm- 1 0 00tfmin©W3il/ 
t>. 35/c. LED7U-ffti', 3 <E>«::*:Sftffi$©^ 
©*§£?*>« ^^iiv^i'W© < 1 1 -2 0> 1i 
ft©*!*. r^8P©*I~±(*©i|i«:ifc5£"ra. 
[0 037]^ ^^llLh^tCigK&SI^^^-r * i 50 
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U g/c. vx^«gi^*i01{C^-r<fc^ftiKSW-C*-o 

(MKD&VXD-?* miyfoiciz i ion 

<fc5«:ff5fi£3tt£) . f^©?>J 
©£fc££ 1 >c* 1 &C*tJ&S-tf£©-C&tttf. -^X^^Iil 

•rn^j:^. is (c) Knvrj^ftswcfc 

g#£>9. #v**Mii$©i^i&*<h&*. 
[0038] vXi'^SJILh^^iglKfaiT^^-C^o 

^ ^««©W©»i . **-©ai©»£ * 1 » 1 KSWBS 
lift l » ft 6 «. SS^-©iST©^^© 9 %r£ttSi5«^©M 

[0039] — v^^««©iH**^©«yalB*4 

©U^.-C*»3 ft#*D, ^o^Kffl©W8U^ift*. 
axi & SiHW&i'ta < . ^»f©/cJti^S^ijiaT , «)& 

< . *ssfiss©m^^£ ur^s^iti*#s[-rti«<fc 

$/c. 3r-f+*>FiaR3citcJ:ittIHlJ«:J:r>-c»IK 

[0 040 ] ±B©^>6. VX f^±^(Cffils{aSJ5 
ttjmt *-7X^«W©«». 0. 5m 
m~5mm, ^(C, 1 m m~ 1 mmflS^^^tRS^ 

So 

[ o o 4 i ] m 2 ©^«. b i K^rss«©'< ux- 

a -pT. < 1 1 - 2 0 > ^(6]©ifa/cW-C^< . 
< 1 - 1 0 0> ^[fij©ijife. *?©JBtt«C^:h-&fc»« 
•C*S. BP^. <1^©VX^MJ|(W. (1-100) t 
r&l(c520'4Wft2ay 3, y4«t. (11-20)* 
tS]«:5io*?»Wft2ax l . x 2*>6ft*;£JfJtK©«JiS 
•cA-o-r. c<ols&<DBWfi. @ffj©SR^-©J&tK(c^to 

RS3-l+Sft6tf. < 1 1 -20) *lfi)©i®$/cW. <1 
-10 0) ^©ili!©^*^-:^. ^^-©?§14Si5© 
|}§W±. ^©^iPI«Tr*n«J:< . ffe?>«f^©rS 

tt»©««±"C*tl«. ^^ii^T*o-C^<fc< t 
1-20) *[*]£ < 1 - 1 00) #fa£lC-7 h V ^Xt^ 
[0 0 4 2 ] 0 2©SI1i«:*5C»T > vx*M$Jb#«:<K 
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r&&. wz.ii. \~}<D-?xt>m&<D <i i -2 o> ys 

fa©— 2®S?w 1 £. i5 ( c ) tC^pT* h^-{7'U 
— V<DZ h7^7"§P(D$lA<!:T^^e>«. <1-10 
0> ^(6]©-2©fi3w2 5:^ H7-C7-gp©^SiT-5. 
&<t'-c$>£. CO.fcSJScS&ttKJ^T. <1 l-20> 

j&isj. < i - 1 o o > ^isj^tc. #-?x?m®-cftWi-c 

[ 0 0 4 3 ] 0 3 ©«MKK. 0 1 tCm?m®<Dm<D'* <) 10 

•cos. i^sfc^fjc^tc. <i-io 

0 ) *fiI«:SCf 5 W«c 2il[i^y5. y6(Cj:o 
3n^«©M^(<t t < 1 1-20) ^ISJKISO'-SW 
&2fiigix3. x4KJ:oT&^§4T,£^tK©^£#s 

i^fcjglSfigiJ^ff^a-a-S^^tf^ 2iSSly5. y 
6©if§w 1 . x3, x 4©lHw 2 ?:gW©f^(DBtt(C 

cn6 2#ft(D^tK©M^a*£gb-c 
[0 044] 0 3 ©.<$&«: J; vx*««Lh*«:ia 

mmm±z < 1 1-20 ^{cas^ra^r. * 
fc. < 1 - 1 0 0 > jjfaicj&&miciQ~ > -c , tg^tc^ 

[0045] ^ISG a Nj£*§iHJ&Sffl»g©vX 

[0 04 63 *^HJ«: J: -5, G a N^«(*«T©S!^* 
ffitt. ±ie^©GaN^^)S«fflS« ; &ffll,\ 07 
CCm*J:5»CGaNj|M6fi*JafiS-e. 3 6.Kcn5:S 
«£l/CflH>. @4*/c(i06(C^Tcfc J 5iC*zSi*^ 
£JfMU (Effete <t ft ofc^«J1-©g)$# («it«. -7 40 
X *SR$©±:frWgSS&£ % -o &^K«^7X 
US) Ki£LT#Kffi£ff^UT^{*^*fi*«:# 
iSfT 

[ 0 0 4 7 ] G a N»f£A<Dj«£K. ^-XlfiO^v 

7(a) {C7nTJ:5fc:. v^^Jf^OFaiJGa 
altC^o-C^Sn. <*6K07 (b) tC^TJ^tC. 
GaN^*SBl«v^^e©±SJ:0*)^<^W-r^ e c 
©it. GaN^Bl«iSi$^|Di (CfS^) /cttTft 
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V&xm<D#-?Z ttZ>J&&& 
A££ifeU ot,>{c«07 (c) (CTnTJ^K:. 

?t£. GaN^$SaUS^Jf^3n^„ 
[0 04 8] GaNXfiAMit 07 (c) CCnrf <fc "5 

K. V^i7)l©ff^^->-? J i^ B ^g^^©3g^{C e fc 

otli, ^vx^^^^GaN^aDlrttcAO^ 
fclfc^iiim*-g-©$$±;£{t<aj$U ^**fRiS±©SB 
^(c|g(a^©^FfS*iM*3ti^C<b*s*-5„ * 
©i#£. ^ft< <tfcv**$|i|8±©gB#«. |^fflgiJ©ffliJ 
® (i&{i^©:W%7W¥&Uft<,>ffi) £tm-££-f S8£# 
Ifi]fiSfi{CTff^3nfc4>©r&S©-C. K(4^©^Pfi*5 
tmLte^m&XTK&mteteikX&Z. L*»4>G a N» 
*Seiai -<-xS1£ <k ©ig&gMSMft&l; i'M^© 

&x-$>^xmmmte'hz< > w^©^BjflB^©fflji 

©US££>$*)§tt&l>C£#>6. IS©GaN«MS 
a*^^ tc J$fi 3 & <!: t > >> m £ tb * . 
[0 0 4 9 ] ifSAJii Lr^ft^-a-S^t^Sl*. Ga 

Sin, Ga r Al, N(0^X^1. 0 ^Y^ 1 . 0 
^Z£l. X + Y+Z= 1 ) -CmStiSGaNJfiOMk^ 

[0 05 0] G a N^Bl©fiSfi^SK:-oCi-C«$lM« 
HVPE. MOVPE (MOCVD) . MBE& 
<!r#WS*"Ca&. t 9fcWHVPEttC«i;£ft<v©J&6 

[0 05 1 ] ^K. 04 (a) (C^Tcfc^tC. ±IBGa 
N«fiSi©H, vxf^±©gp^GaN^M B B B 

a^^fiX-r^. [h]0©F!]«. s^asf&w&GaN^L 

EDO«^-C*ot, v^i7©ifIi^©ipI<brS14g|J© 
ifI<!:^L'^ti^-C$)^ 0 r£14g|5« t m^tLXVMm 
?Z®lfrX$>~>X. &%M : f--eUv>nW£;*-&t<tmi* 

«jtr«?sttJB-c* rj . x i-^-f^u- wit. zt? 
[005 2] &tC. 04(b) (C^T <t ^ ic. t&m&o 
*«©l^*WfiB^-C*S 0 

[0 0 5 3 ] Jy'\s--yx-$>Z>t§r& % ®^ 

©JfJfiSi^Ki^tf^^Ci^SLl^ ^Ix.^ ±fe(D 

©S^rS]?:. ^©^^^©^©g^iaiiu 
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H6-CWS1. S24cj&^/c#»r) 

u seomrffig^ec^n-ct^^^K:. <i 1-2 
o> fifa&m'&-?tcm*tfimmm«:^ti : t>i^xi,>zvii& 

4(t?a-?fc#»i) U <I*©GaN^* Y^J 10 
GC{±±tf £©#&)2£ffj-C& 

[0 054] 

[HI60I] 
HJSflll 

©5 zmw<D±3iKmk{ktmft*fcf&'fz>m-£i 

©»«*m-r. ffl* ©**©««£« U>v*iMHJ*£ 
WtSGa NXttAJdt£fflS&&»ft C fttc G 

y^^afh&fl»*»rtlUTLED4l/. #7Xf 20 
«W"C»KLr*^*ffl*«:^|Rly. 05 (a) KiiVr 

[0055] c g a wm&m&mwR<onm as 2 

-Y>*. J133 3 0 MO1, -YT^fiLBc. M 

OVPEgg^ot, S320nm©A 1 N'<»7t 
-B^ffiSfiKSL/. Jh>tl. 5 jLim©GaNjgJI£j?R 
SU ^-Xlfilfc. C©X«©3tffl&C. S iO, 
»JS*>6 & 0 . 0 2 (CtfT.^©-7X * >J 

£f#fc„ 30 
[0 0 5 6 ] v*£Jg©J|Sj&K£->ra, lo©7^^ 

< 1 1 -2 0> ^fSj2 9 0 *tmx < l - l 0 
0> #|oj2 90 um©jE^T0T?*-5-C. SKOLED© 
rSfflBfc—Srrsj&tKT?**. c©v**«m*vn/ 
^^i&Si^K (1 l-20)m <1-10 
0> &«C1 0wm©liRI^>tffilU/c. gEo 

r. ?ffi®m±<D<P>bmv v t-iz. < 1 1 - 2 0 > 

< 1 - 1 0 0> Jt«C3 0 0 (imt*5 0 $ 

fc. »flUgRt. K 1 0 */ m©^©fl^*5jt^f 

StS^ttrAS. 40 
[0 05 7] C G a N^S©^fiSD ±IBG a N^fSJI 
/&fi/BS«£HVPE$SgK:£M»U 0 7 (iCfjk'TJ: 

NteHJfSr^JdtUc. GaNJSJIWvx^BiSrtit^iS) 

©«M©¥«tt«H»-C* o/c„ 
[0 05 8] CI8feJfHP©J&dO n^GaNdSHJlSrS 
fiiOtf©±(C, ±ffl(c\ n-GaNI/n-A 1 G 
a NH/n - I n G a N@/ InGaNl (rSttfi) / 
P-A 1 GaN@/p -GaN@*JlH^fi3ti-. 50 
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&£«!&© LE D*-7 h V ^Xtftc^ifSSJItt*^;* 

[0059] m*<Dm*^<Dft%ft 
^'-tC-C. 04 (b) KtkT^K:. «PF«CD#^* 
MifSK^OjA^fcAftT^fSrU <I*K#|8T;*ft/cLE 

[0060] *mmmic£-?x. vx^w^k 

tStt8Wc»j£3^*^*jftfc'rS. l/*»t>. *?x^ 

fc. gfc. CCLE Di, '&&<D&-?Zt>mii!LklcB}8, 
$n^*^tf® D a p«©G a N$ttAS«&till>fcL E 
Di*. 26;)fci5f «fc cmNM9tt©jd-CJttS UtctC 
*^aj©®iji^icj: ->Tf#6ft/cL E D©^, 
#6#Sfg. SWM$tt£%6t>l. 5[gtc#14*5[6]±tr 

[0061] mmz 

IfiU HltC^Tcfc^K:, G a N$§||© 

(1-100) XfalCMVZ^'ttll&VitLtc. GaNS 

*)!©'<#->*. ililSOtfm. «>f7?3 0 0 /i 
mi Ltc„ 

[0062] h^-f^U— *rm&<DBm) GaNI 
*SHJ&gfflS$±«:/S;* 1 0 0 Mm©GaNfe^Mf 
fiSl/TJSISi L/. *©±«C. ±mtc, n-GaNJf/n 
-A 1 G a NJi/n - Ga NJH/ I nGaN^il^ 
Fl/p-A 1 GaNJl/p -GaNi/p - A 1 Ga 
NJi/p -GaNJBfclRfcfiJtfiS'tt. fSJf <*£R I E 

(Reactive Ion Etching) T8 m m©i|litCJ^UTi v * 
06K*5l>T4-C7jrf <fc5K:. Xh7-f7"^i 

^ ? ft -5 <£ 5 {c&g-^t?- £t? i > . x k ^ yoyjGL* 
< i - i o o> ^{ciESiK:^ft-a-/c 0 w^ccct-^rc 

Elt7 7-/7lfi4iSl, ^{*©il*?:8 Oymil/ 
/c. 

[0063] C<1^ ©3R^^©^IK] -XYvA ?•©*# 

S 2fcJ;c>'Cft6«:Ttf«:5 0 0 (imf j^ffl 
(M3TC©'n#[|U) L/. < 1 1 - 2 0 > ^(SjK^o/c 
^l5j±*io^*i-,3fct^©fc©*^®tfffc„ &^©S 

wamccii^tt 3 - f - > y*-f§ o -ess u r^sis^ 

f±±tf)tf£. 0 6©U l~U4iC©-oT^)BiU. <i^?© 
[0 0 64] ^SlSSWtJcoT, USSWltlnl^c. 

^©^JH^iiao^tcgS^TSCiK.fcoT. 550^ 
M< ^ h =7 A 7-U-if*if#6ft€>C i*sft^-,/c. 

[0 06 5] naten3 



(9) 

15 

G a NMS© < 1 1 - 2 0 > ^TlfllKHOf* Wtttti 0 
5 0 Mm. HH£K:#v**£Si$©ifi#2 5 0 amt* 

[0066] cais©^) ±taw*n*©vx 

JfrSSttfcGa N£*SllJ&KfflS«£HV P EIHSl^CC 
ISgU SSlOOO'G GaUsfiOtF'J^fM 
'J^A (TMG) , NJIOfti OTT>*-T. K-"?> 10 

T. v**Jl£&5$rGaN^,II£»&g£-t>-/c 0 C© 
G a N*gSjKD±E*l^iffl«:ife o fc^F*-c© C©H©JI 
1 0 0(imr*ofc. 

too6 7] (xh7^^u- vmmomm -e©± 

(C. £ffi{C. n-GaNi/n-AlGaNI/n-G 
aNt/I nGaN^fiS^F#FJi/p-A 1 G a N@ 
/p -GaNl/p - A 1 GaNi/p-GaNMI 
^ft&SS-tt fSJltfcSrR I E (Reactive Ion Etching) 

Z < 1 1-20) *[S){CiEFiK:^t>i±/c„ WmtCXiT 
[0 06 8] Cffl* <D^^©^-»tD ^F7-f 

jsfatmg.-? z>m*ftmwk it, sooMmt-y^-c 
(Msr©'N#ga) < i - i oo> -fifticm 

£ -5 fc JR-?-|5l±**o & 1fi o fc«JR© *><o*&wmc 0 & 
^JRSJgBtCi&g&a-T^ >^£— Jit/TlSUt:^ 30 
Jfi8«rtt±tffc«. #»rU «*©U— 
fc. 

[0 06 9] #3tatWCJ:oT. *v^*«MK>JJ5T* 
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^ h 5 ^ 7-©#fi £#»i©^J®£±te© J: -5 (Ci9:^ 

-f 7 l> - If #sf# 6 ft £ C -7 /c. 

[0070] 

[»«©*MI] MaSGaNSiaTOllg?; 

©±*©^-rn*>{cff^$ tism^«ca a p®©isa*«i: o 
MI*^<^T©r£14gp«:>Ftic;s#? > ci*srt-5 >0 

[01] *«W©G a N*ttfifl5«fflWR©HW*^-r 
[02 ] *IM8©G a N^*S^R5cfiffl»S©te©^*^ 
[0 3] #IMB©G a N£ttAJ$dMl£&©fi!l©ffl&7j% 
[04 ] *^©G a N$ftJiJ££fll£«£ffll>fcG a 

[0 5] BW©j^©*£*©i§tt»©tt©0J*^ria 

[0 6] fclMBCG a N*i!SS^fifflSS*ffll>ft:G a 

mmvfoz. 0*©feeM^©^«. KWr«g*si* 

[07] #»»CDG a N*fcfll&RfflaS*Lh'MDG a N 
^»Ji©7&Jii5**vria"C*4. 

[??#©lttBJ] 
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